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ABSTRACT

The ability of F and G vehicles to meet successive
launch windows by hold or turnaround operations following a
scrub will be somewhat less than that of the C; vehicle (AS-503)

due to the configuration difference (LM) and mission
reqguirements.

A brief summary of the discussion:

a. Assuming a "hybrid" (i.e. partial) vehicle turn-
around, an F or G launch can be slipped one day following a
scrub at or prior to T-8 hours.

b. A one-day launch slip after LV cryo load or from
any T-time after T-8 hours (as was possible with C') for F
or G is presently constrained by (1) LM-SHe reservicing
requirements, and (2) Flight crew turnaround.

C. Assuming a complete F or G vehicle turnaround is
required, the launch will slip:

1. A minimum of three days following a scrub after
T-9 hours. «

2. A minimum of two days following a scrub at or
prior to T-9 hours ’

3. A minimum of one day following a scrub at or prior

to 22 hours.
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I. INTRODUCTION

The time required to turnaround and launch an Apollo/
Saturn V followlng a scrub has been of considerable interest
in formulating lunar mission planning.* The limited number
of landing sites has focused attention on reducing scrub-
turnaround requirements to have a capability of meeting all
launch windows in a monthly opportunity. Efforts to achieve
this are continuing through inter-Center coordination; how-
ever, a lack of experience coupled with spacecraft servicing
constraints has hampered efforts to reduce "worst-case'
requirements to any great degree. This paper summarizes cur-
rent Apollo/Saturn scrub-turnaround capabilities with regard
to the F and G missions including differences from the C!
mission.

II. BASIC REQUIREMENTS

The essential characteristics of scrub-turnaround
operations are:

a. Vehicle operations are basically performed in
three separate phases: (1) backout,
(2) reservice/reverification, and (3) launch
countdown.

Table I compares nominal SV turnaround times for
the C', F and G vehicles from scrubs at various T-times. It
can be seen that C' turnaround times were slightly higher
than those for F and G even though C' did not carry a LM.

The greater turnaround times for C' stemmed from serial time
required to reservice the Film Camera System (FCS) located in
the forward section of the S--IC.*¥* However, the FCS is a
configuration item not carried on F and G vehicles, and
therefore 1s not a consideration.

*Turnaround encompasses those operations formerly known
as "recycle and countdown." A "scrub" is defined here as
suspension of attempt to meet a given launch window.

¥*¥Refurbishment of the FCS was not a mandatory requirement
for C'. Hence, a reduction in the total turnaround time was
possible 1f it had been decided to waive refurbishment.
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Factors in addition to turnaround operations which
must be considered are:

1. cause of the scrub

2. repalr requirements

3. flight crews

by, time to next available launch window(s).

It is highly probable that a scrub will not be
declared at the first indication of a malfunction during the
countdown, but that every effort will be made to meet the
scheduled launch window. A scrub, therefore, can generally
be expected to occur late in the countdown where the turn-
around requirements are greater. Repalr requirements may
also impact turnaround operations by introducing serial time.
The total turnaround time (nominal operations plus any serial
time), then, must be compared with the time to the next avail-
able launch window(s) in determining when the launch can occur.

ITITI. LAUNCH ABILITY

A. Mission Characteristics vs. Turnaround

One basic difference between C' and the F or G
mission is the spacing of launch windows in a lunar launch
opportunity. F and G vehicles will launch on specific days
keyed to selected landing sites; whereas, C' launch windows
occurred on consecutive days. Also, there are fewer windows
available for F or G than were available for C' (four vs
seven).¥* The additional launch windows and the one-day space
between each gave C' a greater launch flexibility because more
scrub-turnaround options were available.

A second difference between C' and the F or G
mission is vehicle hold capability. While a "scrub" connotes
an "automatic" turnaround, this may not necessarily be
required. The ability to hold the space vehicle for extended
periods late in the countdown can greatly influence launch
slippage following a scrub. The hold capability of F and G
vehicles as compared with C' is dependent on the following

FPaontnra .
L1 avviULTu .

¥The actual number of launch windows for the F mission
may increase. However, four windows are used here since
"fidelity" between the F and G missions has been stressed
as a criterion.
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a. Vehicle Configuration

C' did not carry a LM as will F and G vehicles;
also, F and G-1 vehicles will not carry an
ALSEP-RTG unit.

b. Mission Duration

The F mission will be slightly longer than C',
while the G mission will be slightly longer
than F.

c. T-time of Hold

The maximum allowable hold capability is deter-
mined by the usage limits of on-board consum-
ables, which in turn are controlled by (a) and
(b) above ¥ Since on-board consumables are
initially loaded at specific T-times as the
countdown progresses, the T-time of hold is

a controlling factor determining the maximum
hold capability. Figure 1 shows the maximum
vehicle hold capability at any T-time for the
C', F and G vehicles.

B. C' Mission - Launch Following a "Complete" Turnaround

The following C' scrub-turnaround capabilities are
for a complete vehicle turnaround; that is, operations to
reservice both the spacecraft and launch vehicle. A "complet
vehicle turnaround curve for C' is shown in Figure 2. By
subtracting the unused time (T-time of scrub) from the turn-
around time, a "minimum" launch slippage curve is obtained--
shown as a dotted line in Figure 2. Figure 3 shows the
"minimum" C' launch slippage for a scrub at any T-time
against the relative launch window positions in the December
1968, launch opportunity. For instance, for a scrub after
T-9 hours, the C' launch would have slipped at least three
days if CSM cryo reservicing were necessary.

#*The ALSEP-RTG 1s not a consumable. However, it does
generate great quantities of heat which could impose a hazard
in the case of extremely long holds (a day or more). This

is not considered a problem since the unit can easily be
removed; however, this would mean holding at a different
T-time.

e"
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1. Hybrid Turnaround, C' Mission

A short or "hybrid" type of turnaround was possible
for C' depending on the cause of scrub and T-time of occur-
rence.* For instance, if a scrub had occurred prior to LV
cryogenics loading, the C' launch could have been slipped one
day provided the CSM cryos did not have to be reserviced.

KSC also stated a capability to meet a one-day slip from a
point after LV cryo loading provided (1) the MSS was not
returned to the pad, (2) the conoseal leak check and torquing
could be waived,¥*¥¥ and (3) the main LOX tank at Pad A could
be replenished to approximately 750,000 gallons. This would
have been, in fact, essentially a "holding" operation which
will not be possible for F or G vehicles after T-17 hours
unless the LM-SHe is reserviced (Reference 8).

C. ' and G Mission Launch Ability

There are only five possible turnaround cases for
F or G missions (graphically shown in Figure 5). The number
of cases 1is limited by (a) the number of landing sites, and
(b) their selenographical position. The five turnaround cases

are:
Case Change in Landing Site Time Available (days)¥*¥#¥
#1 IIP-2 to IIP-6 1
#2 IIP-6 to IIP-8 2-3
#3 IIP-2 to IIP-8 or 3-4
ITP-8 to IIP-13
#U IIP-6 to TIP-13 5-17
#5 IIP-2 to IIP-13 6-8

¥A "hybrid" turnaround is one in which only part of the
space vehicle is recycled while all other sections remain in
a hold condition.

¥¥This item was resolved by the "wet" CDDT when it was
found that the conoseals did not have to be retorqued after
LV exposure to cryogenics. Douglas, however, will probably
continue checking the conoseals on future vehicles following
each CDDT to determine if retorquing 1s necessary.

#%¥*¥Dhe time available, as shown, will vary depending on
the time of year (see Figure 7).
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The differences from C' in hold capability and/or
turnaround requirements for an F or G vehicle is due to LM
operations. The "complete" vehicle turnaround curve for F
or G is shown in Figure 4 including "minimum" launch slippage.
Figure 6 shows launch slippage by hold or turnaround for a
scrub at any T-time against daily launch windows in a 1969,
launch opportunity. Hybrid turnarounds are not shown.

1. Hybrid Turnarounds, F and G Missions

A hybrid or "partial'" vehicle turnaround (one or
two-day launch slip) 1s possible--similar to that previously
described for C'--depending on the T-time of scrub.

a. One-Day Turnaround from Scrub Prior to LV Cryo
Load (Case #1 Lunar)

If a scrub is declared before LV cryo tanking begins
(T-8 hours), the launch can be slipped one day through the

following:
1. return the MSS to the pad
2. extend MSS Platform #3
3. reservice LM-SHe
b, remove the MSS
5. launch countdown (9 hours).

The above operations would take approximately
32 hours in real time. This conforms with the allowable time
frame for a one-day slip (8 hours of unused countdown plus
24 hours between T-0's). It is assumed that the CSM remains
in a holding condition, that no serial repair time is
involved, and that flight crew turnaround can be accomplished
in the same time frame.

b. One-Day Turnaround from Scrub after LV Cryo Load
(Case #1 Lunar)

A one-day launch slip from a scrub after LV cryogenics
are lcaded is presently constrained by:

1. Flight Crew Turnaround

The flight crew recently stated they could support
a 24-hour launch slip from a scrub near T-0, but for the C!
mission only. It is anticipated that crew turnaround for
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subsequent lunar missions may be longer than 24 hours, parti-
cularly for a G mission. The constraint evolves from a time-
line of activities encompassing crew egress, desuiting,
mission briefing, simulator time, on-board data package, ete.,
including meals, rest, and countdown.#

2. LM-SHe

The LM-SHe must be reserviced during turnaround
operations (actually, any time a scrub is declared after T-17
hours).**¥ This reservicing requires more time than is avail-
able from a scrub after LV cryogenics are loaded until a T-0
on the following day.

c. Two-Day Turnaround from Scrub after LV Cryo Load
(Case #2 Lunar)

A two-day launch slip from a scrub after LV cryo
load 1is constrained by a requirement to reservice CSM and LM
cryogenics. As shown in Figure 4, the minimum turnaround
time required for a complete backout (detank LV cryos),
reservice the spacecraft and countdown is approximately
65 hours. This obviously entails a three-day launch slip.
Since LM-SHe reservicing i1s necessary in any case, the launch
slip might be reduced to two days by (1) detanking the LV,
and (2) reservicing only the LM-SHe (same as the operations
listed for a one-day "partial" turnaround).*¥¥% This assumes
that other turnaround operations such as APS Gas Removal, PU
Calibrations, F-1 Engine Drain, LV Flight Battery Replacement,
etc., can be accomplished within a time frame of 44 to 56
hours depending on the time of scrub. It should be noted
that while holding the CSM for two days, consumption of
on-board CSM cryos may seriously deplete reserves normally
available for the mission.

d. Two-Day Turnaround from Scrub Prior to LV Cryo
(Case #2 Lunar)

For scrubs at T-8 hours or earlier in the countdown,
F or G vehicles can undergo a complete turnaround and support
a two-day launch slip (shown in Figure 6).

¥In order to support a 24-hour turnaround for C', the
flight crew would have deleted the simulator activities.

¥#¥Reference 8

¥¥*¥Re ference 2
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e. Effects of Unused Built-in Hold Time

A standard feature of Apollo/Saturn V countdown has
been a 6-hour built-in hold scheduled at T-9 hours.¥® There
is a fair probabillity, based on previous launches, that some
or perhaps all of the available hold time will not be used to
correct pricr anomalies. In the event a scrub is declared
before T-9 hours, the launch slippage curves in Figures 3 and
6 will be affected by the amount of unused hold time (Figure 8)
where the launch slippage curve 1s proportionately moved to
the right depending on the slope of the curve and the amount
of unused built-in hold.

f. Available Contingency Time for Repair/Replacement

A basic assumption in establishing a minimum vehicle
turnaround time 1s that any repalrs can be accomplished in
parallel with the turnaround or holding operations. However,
the possibillity of serial repair time does exist. From an
examination of Figures 3 and 6, it can be seen that at most
T-times (of scrub), there 1s additional time between the
launch slippage curve and the next available launch window.
The amount of time available for serial repair is therefore
a function of turnaround requirements and the time between
launch windows. This can be easily converted into a graph
of each case # lunar-turnaround for use as a handy reference.
An example is shown in Figure 9 (assuming a G mission vehicle
and a Case #3 lunar launch slip).

v OTHER CONSIDERATIONS

There are several considerations in scrub-turnaround
operations which KSC has recognized as needing further
definition.

a. Scrub after "Forward Service Arm Retract" at
T-16.2 Seconds

Scrub-turnaround planning has always consldered the
"worst case" as a scrub at Engine Ignition Command (T-8.9
seconds). Reference 7 discussed vehicle recycle capability
after retraction of the Forward Service Arm (Swing Arm #2).
It was shown that after the arm is retracted, the vehlicle is
committed to either launch or scrub. The reason, briefly,
is that following the start of S-II stage J-2 engine chill-

down at T-8 minutes the temperature of the S-IC forward

#pAdditional built-in hold time was added to the C'
countdown. While it has not been definitely decided to do ?he
same for F or G countdowns, the comments in this section still

apply.
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skirt thermal environment begins dropping. To keep the tempera-
ture from dropping below red-line limits of the electronic

canisters in the S-IC forward skirt, hot GN2 is introduced

into the S-IC/S~I1 interstage area at rates up to 500 lbs/min.
This hot GN2 is supplied through lines running over Swing Arm

#2. After Swing Arm #2 is retracted, it can only be reconnected
manually. In order to provide safe access for manual reconnect,
the LV cryogenics must be detanked--a period of U4-plus hours.
Thermal red-lines, therefore, would soon be exceeded in the
event of a hold after the arm is retracted. Since Swing Arm

#2 has never been retracted except during an actual launch
(there have been no holds to date after SA #2 retract), the
effects of a prolonged cold soak on the S-IC forward canisters

is not known, including any replacement/retest which may be
required during turnaround operations. One possible sug-
gestion is that MSFC might establish some criteria by

acquiring data through a special test at KSC.

b. Scrub after F-1 Engine Ignition

Turnaround time from a scrub F-1 engine ignition
1s not precisely known--there are related areas that cannot
be predicted which could preclude meeting a launch window
before close of a lunar launch opportunity. Recognizing this,
however, KSC is compiling all available information on the
subject to be in the best possible posture in case of a scrub
after F-1 engine ignition.

V. SUMMARY

a. The basic configuration (i.e. LM) difference between
C' and F or G vehicle does not increase the time required for
a complete-vehicle turnaround after LV cryo load.

b. Assuming a hybrid turnaround, an F or G launch can
be slipped one day following a scrub at or prior to T-8
hours providing no serial repalir time 1s involved.

c. A one-day launch slip after LV cryo load (or from
any T-time after T-8 hours) for an F or G vehicle is presently
constrained by:

1. LM-SHe reservicing requirements

2. Flight crew turnaround.
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d. Assuming a complete F or G vehicle turnaround, the
launch will slip:

1. A minimum of one day for a scrub at or prior to
T-22 hours.

2. A minimum of two days for a scrub at or prior to
T-9 hours.

3. A minimum of three days for a scrub after

T-9 hours.

2032-CHE-mp

Attachments
Figures 1-8




BELLCOMM, INC.

References

1. "Apollo/Saturn V Space Vehicle Scrub-Turnaround Plan
(Apollo 8) SA-503/CSM 103," KSC document dated
December 2, 1968

2. AS-504/Lunar Vehicle Scrub-Turnaround BRar Charts
(Preliminary) dated December 27, 1968

3. "Apollo/Saturn V Launch Mission Rules - Apollo 8
(SA-503/SM-103)"

b, Manned Apollo/Saturn V Countdown Working Group Meeting
Notes - June through December, 1968

5. AS-504/Lunar SV Countdown Test Processing Chart dated
January 9, 1969

6. AS-503 SV Countdown Test Processing Bar Chart dated
December 6, 1968

7. "Saturn V Hold Limitations and Short Recycle Require-
ments During Terminal Countdown," Case 320, Bellcomm
T™M-67-2032-4, dated December 15, 1967 by C. H. Eley III

8. "Operational Constraints and Requirements Associated
with a 44-hour Turnaround Capability for the Apollo/
Saturn V," Case 320, Bellcomm Memorandum for File dated
June 28, 1968, by G. W. Craft, D. M. Duty, C. H. Eley III,
and G. J. McPherson Jr.




BELLCOMM, INC.

Subject:

NASA

Comparison of Apollo/Saturn V

Scrub Turnaround Capabilities
for C', F and G Missions =

Case 320

Headquarters

=
wn»
@]

QHOE4q i EsunaoEHgdQaE o

QEmpE-HUUToQmEZrOxToEm S

o QEY=RE

Bayer/MAO
Day/MAT
Hage/MA-A
Holcomb/MAO
Jenkins/MA
Keegan/MA-2
Land/MAO
McGuilre/MY
McMullen/MA
Phillips/MA
Schneider/MA
Scherer/MAL
Stevenson/MO
Sedlezak/MAP
Skaggs/MAP
Stout/MAO
White/MAR

Arbic/LO-PLN-2

Griffin/LO-PLN-3

Middleton/AP
Moser/LO-PLN

Netherton/LO-PLN-3

Bell/I-V-E

Duke/CB
Low/PA
Mayer/FM
Maynard/PD
Rose/FA
Schmidt/CB
Slayton/CA

Distribution List

From: C. H. Eley III

Bellcomm, Inc.

R. Anselmo
Bidgood
Boysen Jr.
Chisholm
Hagner
Hibbert
Hinners
Howard
James
Menard
Mummert
Reynolds
Ross
Schmidt
Timko
Troussoff
. Wagner
Department 1024 File
Department 2032
Central Files
Library

T HY< GO W=2900rQU
HFos=ZEHdunuNgdESs G0 d



S31117119vdYd QI0H A N¥NLYS/0T10dY - T FdNJid

(SYNOH) IWIL-L J
*1S 6°8-1 0l-1 02-1 0¢-1 -1
) I ]
|
_
_ i
|
|
_
[
"l _
W) 0N 3HS-W1
N9 | N SS3ud
N
\ N
/ e i
\
\
\
/ o—
\ avoT SOAYD
\ 0AY¥D AT STIDIHIN 9 B 4 —> WS2
\ 1NV1S "5Sd
\ /
\ V4 .

F1IIHIA D .

0l

0¢

SANOH - IWIL

0s

ove




any¥ds 40 IWIL-1 SA IWIL ANNOYYNINL 1IIHIA €0T-WSI/e0s-SY - ¢ JdNI 14

(S4NOH) IWIL - 1

0 0-1 02-1 0¢-L
| N l ! I \
7
e
e
7
\\
e
/
/
/
\\
N
&
L
&
S
RS
D
g
/
/7
/
el NNODSIQ 359
4 OA¥D WSD
7/
/

ANYWWO0) 4
N9

JAOW/Sddd
SSW

gNADS 40 IWIL-1 'SA FWIL ANNOAVNINL

124

¢°L9

SYNOH - 3WIL




SMOGNIM HONNY1 8961 “¥38W3030
404 9N¥DS 40 IWIL-L A 39¥ddITS MOANIM HONNYT.J - € JNII4

(SYNOH) JWIL-1

935 6°8-1 01-1 uZ-1 0¢-1 op-1
| __ | \\ O
\\
| e
_ 7
| &
| o
_ )nu&
_ >
“ QD
)
L 5
T -4 G 62
, el ~
_ /7 =
\ / m
\ e .
\ / o
/ =
, y =
\ / v
\ /
,
S
,_, il 16
' 11
ST T T T T T T T T T T T T T T T T i
X ALIIEVdYD__ | -
- aloH~ |

¢°L9
69,




gN¥9S 40 INIL-1 "SA JWIL ANNOYVYNYNL 9 3 4 - H JUNOIS

(SYNOH) IWIL~-1L

93 6°8-1L &1 01-1 Gl-1 0z-1 0€-L Ge-1 Otrl
T I I I T 1 |
7~
e
7~
7~
7
s
~ ol
&
® -0z
&
>
D
<3
/
\\ - 0E
/
/
”~
7~
7~

_ 7~ - Oh

\\ *NNOJSIQ 389

s 0A¥D WSO

/
\\ - 0g
/7  TN—40d0L sHS-H
I €% 14 1vid
P SSH N3dO
Ve SSH YoVr - 09
avo1 X07 L¥viS
av07 CH1 LuvLS 1 g
STUINI MIYD
N0D
"N91 "ON3

SUNOH - 3NWIL



6961 NI SIILINNLYOA0 HONAYT AVYNNT O 2 4 ¥04 SANNOYVNINL-ENYIS 40 SIJAL - G J¥NDIA

*ALINNLY0dO 40 L¥VLS ¥3L1dY
(1S3M) 1437 0L (1SY3) LHOI Y WOY4
SIAON ALITIAVTIVAY 3LIS :3ION,

»INOZ 07704V

=dI 11 3LIS
&-dll 3LIS
9-di1 3LIS gi-dI1 3LIS
z-d11 3118
SAVQ £-Z
\l ~— 1 Z # 38V) —
"S¥H e SAVQ 1€ SAVQ trg
| #35V0 - & # 38V0 >~ ‘g # 3SVD -
SAVQ /-§
= b # 3SVD >
_ SAVQ 8-9
g # 3SVD =




gN¥dS 40 IWIL-L “SA 33Y¥dd|1S MOANIM HONNYT ITDIHIA D 3 4 - 9 J4N9Id

(S¥NOH) 3WIL-L

*23S 9°8-1 01-1 0z-1 0e-1 oh-1
T T T 0
| M1
[
_ e
| 7~
] 7
I Ve
_ /
_ 4
_ $
| S
_ £
_ °
>
“ N e
“ >
| -
. _ /7
/ T
/ |
S/ |
7
~ |
< _
s~ |
ALIT18YdY)
\\ 32\1_
V4 |
V4 | gh
/ TN
q _
4 _
7 |
d |
|
Py _ -149
_
| ZL
Al M “

SYNOR - 3FHIL



L NI 14
(1S3 HINWIZY HONNVT o2l ¥
Ol G3ONIYI4FY VY Silvd
(JILNYILY) HONNVT IHOIN - N
(31419v¥d) HONNVT AVQ - @

10N 7777, Y/ R v s

777 > m\\_w_\w w\\\m\w_,_w\mwv_\m
w_\\\ w\\z\\m w\a\ww\ﬁ\m 4340190
N | N | NN 438WILd3S

- 27 - - v\\\\\\\\

N M| 159nY
q a| [a]a Ane
q a| [a]a nr
q al Jala AYW
a a| [afa T14dY
G al [afa HOAVW
G G aa XTOREEE
\\\ w\z\\ m\\zxmv A¥VNNY(
t€|0¢ |62 |82 |12 92| sz|ve €2 ez 2|0z |6t | 31 |1 ot | <t |v1| et |zt|TT]oT 6 |8 |2 |9 | Wredon

(311408d A¥0133V¥l ANV INIVHLSNOD ONILHOI
"SALIS ONIANYT ¥¥YNNT INI¥END NO @3Sve)

6961 - S3LVA HONNV' dVNN1




(3791H3A ¥YNNT) 9NY¥OS 40 JWIL-L "SA 39Vdd 1S HONNYT - 8 J¥NHId
(SYNOH) MIl-L

23S 6°8-1 ¢1 0l-1 g1-1 0z-1 Gz-1 0e-1 ge-1 Ot-L
T T T T T T T I 0
i
e
|
_ — 0l
|
|
|
_
_ — 02
|
" T10H
_ ,llllllz_-HA_sm INOHLIM
_ 39Vdd 1S HONNVT
—o¢
(aIsn "H*1°9 40 "INV NO 1#
ONIQONId3a SI1UVA) aI0H
NI-111N8 "¥H-9 HLIM |
39Vdd 1S HONAY |
“ —{ oh
|
|
.u _
\\ ALITI8YAYD | %
|
P c4o=\\\\aé
i |
_
\\ _ — 09
7
s _
7 | — 49
_
|

SUNOH - 3JNIL




TIME - HOURS

45
4 ADD. REPAIR TIME

AVAIL. DEPENDING ON AMT.

OF BUILT-IN HOLD NOT

USED (ASSUMING 6-HR. B.1.H.)
35 {~
30 [
25 [

SERIAL REPAIR TIME
WITH SCRUB AFTER
ALL AVAILABLE
2 - HOLD CAPABILITY USED
15 [~
ADD. REPAIR TIME IF ASSUMING
24-HRS. T-0 TO T-O.
10 [~
ADD. REPAIR TIME IF ASSNMING
48-HRS. T-0 TO T-0
5 . —
| i 1 ] |

T7-30 T-25 T-20 T-15 T-10 T5 7-8.9 SEC

T-TIME (HOURS)

FIGURE 9 - SERIAL REPAIR TIME AVAILABLE vs. T-TIME OF SCRUB (ASSUMING
72 HRS. T-0 TO T-0) FOR F & G VEHICLES




